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Method for Producing a Tubular Spring and an Actuator Unit Comprising One 

Such Tubular Spring 

Cross Reference to Related Application 

[0001] This application is a continuation of copending International 

Application No. PCT/DE02/03718 filed October 1, 2002 which designates the United 
States, and claims priority to German application no. 101 49 746.6 filed October 9, 
2001. 

Technical Field of the Invention 

[0002] The invention relates to a method for producing a tubular spring, more 

specifically for an actuator unit of a fuel injector, and an actuator of this kind 
comprising a tubular spring. 

Description of the Related Art 

[0003] The new generation of fuel injection systems have piezoactuator 

elements as switching and actuating devices. These so-called piezo stacks comprising 
piezo units disposed one on top of the other are elastically preloaded for durability 
reasons. The preloading elements used for this purpose must apply very high 
preloading forces and be of compact size. Moreover, they must exhibit a relatively low 
spring constant and be of simple and rugged design. Durability with respect to high 
dynamic loading is additionally required. 

[0004] DE 38 44 134 A 1 discloses an injection valve with a piezoelectric 

actuator. The actuator is disposed in a cylindrical tubular spring by means of which it 
is preloaded against the injection valve housing. With this actuator unit design, 
however, the preloading of the piezoelectric actuator is heavily dependent on the 
manufacturing tolerances of the injector valve housing. Moreover, mounting the 
actuator unit is time consuming and requires a high degree of maintenance, as the 
preload exerted on the piezoelectric actuator by the tubular spring must be re-adjusted 
each time the unit is fitted and removed. With the tubular springs used, there is the 
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additional problem that, in order to achieve sufficient elasticity of longitudinal 
movement of the piezoelectric actuator, the tubular spring must be extremely thin- 
walled, which adversely affects the strength and service life of the actuator unit. 

[0005] A generic tubular spring for preloading a piezoelectric actuator of a fuel 

injection valve is also known from DE 198 35 628 Al. This tubular spring consists of 
a thin- walled hollow cylinder in which there are introduced a plurality of bone-shaped 
cutouts. These cutouts produce a desired degree of longitudinal flexibility of the 
tubular spring. This known tubular spring is relatively expensive to manufacture, as 
the cutouts are produced in a punching process. In addition, after said punching 
process a flat steel sheet must be formed into a cylindrical shape and welded at its 
abutting edge. 

Summary of the Invention 

[0006] One object of the invention is to provide a method for producing a 

preloading element having a high elasticity for an actuator element of an actuator unit. 

[0007] This object of the invention can be achieved by a method for producing 

a tubular spring in the form of a hollow body, in particular for preloading a 
piezoelectric actuator element of an actuator unit of a fuel injector, comprising the step 
of providing a tube, in particular a thin-walled seamless drawn steel tube, with a 
plurality of regularly disposed oblong cutouts by means of beam/jet cutting. 

[0008] The beam/jet cutting can be performed by a method selected from the 

group consisting of laser beam, waterjet or electron beam cutting. During beam/jet 
cutting a filler can be inserted in the hollow body. A longitudinal extension direction 
of each cutout can be in each case essentially oriented perpendicularly to a cylinder 
center line of the tubular spring. The cutouts can be disposed in rows, the cutouts of 
adjacent rows each being laterally offset to one another. A minimum distance 
between adjacent cutouts of two rows can be 0.3 to four times the wall thickness of the 
cylindrical hollow body of the tubular spring. The seamless drawn steel tube used for 
HOU03:965045.2 3 
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the tubular spring may have a thickness of less than 1.0 millimeters. A spring steel 
can be used as the material of the seamless drawn steel tube used for the tubular 
spring. The tubular spring can be provided with cutouts which more specifically have 
dumbbell-shaped outlines with a narrowed-down central area. 

[0009] The object can also be achieved by an actuator unit comprising a 

piezoelectric actuator element disposed in a thin-walled cylindrical hollow body, 
wherein said hollow body being elastically implemented and preloading the actuator 
element, and the hollow body being a steel tube provided with a plurality of cutouts. 

[0010] The object can also be achieved by an actuator unit comprising a 

tubular spring in the form of a hollow body for preloading a piezoelectric actuator 
element of an actuator unit of a fuel injector, said tubular spring manufactured as a 
thin- walled seamless drawn steel tube, with a plurality of regularly disposed beam/jet 
cut oblong cutouts. 

[0011] A longitudinal extension direction of each cutout can be in each case 

essentially oriented perpendicularly to a cylinder center line of the tubular spring. The 
cutouts can be disposed in rows, the cutouts of adjacent rows each being laterally 
offset to one another. A minimum distance between adjacent cutouts of two rows can 
be 0.3 to four times the wall thickness of the cylindrical hollow body of the tubular 
spring. The seamless drawn steel tube used for the tubular spring may have a 
thickness of less than 1.0 millimeters. A spring steel can be used as the material of the 
seamless drawn steel tube used for the tubular spring. The tubular spring can be 
provided with cutouts which more specifically have dumbbell-shaped outlines with a 
narrowed-down central area. 

[0012] Accordingly, in a method for producing a tubular spring in the form of 

a hollow body, more specifically for preloading a piezoelectric actuator element of an 
actuator unit of a fuel injector, a thin-walled metal tube is provided with a plurality of 
regularly disposed oblong cutouts by means of beam/jet cutting. 
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[0013] The oblong-shaped cutouts ensure that the hollow body exhibits 

sufficient strength even at the preloads generally applied to the piezoelectric actuator 
of approx. 800 to 1000 N and is at the same time sufficiently elastic to execute the 
longitudinal movements produced by the piezoelectric actuator. Using beam/jet 
cutting, it is possible to make very small, narrow cutouts in the cylindrical hollow 
body which could not be made in this shape using a punching process. This means that 
significantly more cutouts can be accommodated on the same area, resulting in a 
significant reduction in the spring rate of the jet-cut variant of the tubular spring. On 
the other hand, because of the required minimum dimensions of the punch and the 
associated punching time of the punching tool, typical dimensions of punched cutouts 
are specified within relatively tight limits. This means that with punched cutouts the 
number of cutouts per unit area is also limited, resulting in a relatively high spring 
rate. 

[0014] Because of the relatively low spring constant of the jet-cut tubular 

spring, only a very small part of the kinetic energy realized by the actuator is lost due 
to the spring constant of the preloading element as effective displacement. 

[0015] The hollow body can preferably have a cylindrical outline. A possible 

material for the hollow body is more specifically a thin-walled, seamless drawn steel 
tube. 

[0016] Suitable beam/jet cutting methods include laser beam cutting, waterjet 

cutting or electron beam cutting. All these beam/jet cutting methods can be carried out 
with high precision and produce very exact and dimensionally stable workpieces. 

[0017] A first embodiment of the method according to the invention provides 

that, by using a suitable filler inside the hollow cylinder during beam/jet cutting, a 
defined shaping of the beam/jet outlet edge is achieved and damage to the opposite 
side is prevented. 
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[0018] Another preferred variant of the method according to the invention 

provides that a longitudinal expansion direction of each cutout is in each case aligned 
essentially perpendicularly to the cylinder center line of the tubular spring. In this way 
a required spring constant can be imprinted on the tubular spring in the direction of its 
longitudinal axis. According to another embodiment of the invention, the cutouts are 
disposed in rows, the cutouts of adjacent rows each being laterally offset to one 
another. This arrangement has the advantage of providing ideal tubular spring 
compliance, as the alternately meeting spaces and cutouts can result in a possible 
pressing-in of the cutouts, with the intervening spaces being able to retain their shape 
in each case. 

[0019] According to another variant according to the invention, a minimum 

distance between adjacent cutouts of two rows is 0.3 to 4 times the wall thickness of 
the hollow body of the tubular spring. An ideal spring constant can be selected 
depending on the selected dimensions of the cutouts and the wall thickness of the 
tubular spring. 

[0020] The inventive implementation of the tubular spring offers the 

possibility of selecting between a relatively large number of possible materials, as a 
loading reduction is possible with the spring rate remaining unchanged. Thus, for 
example, materials can be selected which, although having low strength, represent the 
best possible material pairing for subsequent welding processes. In addition, materials 
can also be selected which are optimally suited to the jet-cutting operation or the laser- 
cutting process, i.e. those having a relatively low sulfur content of less than 0.25%. 

[0021] The seamless drawn metal tube used for the tubular spring preferably 

has a thickness of less than 1.0 mm. However, a greater thickness can also optionally 
be selected as a means of achieving a required spring constant even when using a 
lower-strength steel. 
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[0022] The seamless drawn metal tube used for the tubular spring is preferably 

a spring steel, as such a steel has relatively favorable elastic properties even in the case 
of very small dimensions. 

[0023] According to a variant of the method according to the invention, the 

cutouts can each have a dumbbell-shaped outline with a narrowed-down central area, 
by means of which the required spring constant can in turn be selectively influenced. 

[0024] To summarize, the advantages of the method according to the invention 

are as follows: By using a beam/jet cutting method, a high degree of precision of the 
tubular spring cutouts can be achieved. Apart from the beam/jet cutting, no additional 
processing steps are required. Moreover, a high surface quality in the cutouts can be 
obtained that would not achievable by means of punching. 

[0025] The use of seamless drawn steel tubes allows improved dimensional 

stability of the required cylindrical outline of the tubular spring. As there is no 
longitudinal weld, as is necessary in the case of known methods, fewer potential 
defects are produced in the metal. In addition, the usually necessary weld machining 
can be omitted. 

[0026] An actuator unit according to the invention has a thin-walled 

cylindrical hollow body disposed around a piezoelectric actuator element, the hollow 
body being elastically implemented and preloading the actuator element, and the 
hollow body being a metal tube, more specifically a seamless drawn steel tube, 
provided with a plurality of oblong cutouts. An actuator unit having such a cylindrical 
hollow body as a tubular spring can be provided with very precisely selected tubular 
spring properties. 

Brief Description of the Drawings 

[0027] The invention will now be explained in greater detail with reference to 

embodiments and the accompanying drawings in which: 
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[0028] Figure 1 shows a schematic cross-sectional view of an actuator unit, 

[0029] Figure 2 shows a schematic side view of a tubular spring produced 

using the method according to the invention, 

[0030] Figure 3 shows a detail view of a first embodiment of the tubular 

spring according to Figure 2, and 

[0031] Figure 4 shows a detail view of an alternative embodiment of the 

tubular spring. 

Detailed Description of the Preferred Embodiments 

[0032] Figure 1 shows an actuator unit 1 consisting of a plurality of stacked 

individual piezoelectric elements. Electrical voltage is applied to the piezoelectric 
actuator unit 1 by means of contact pins 4. The contact pins 4 are each disposed along 
the actuator unit 1 and are in electrical contact with the actuator element 2. By 
applying a voltage between the contact pins 4, a longitudinal expansion of the 
piezoelectric actuator element 2 is produced which can be used e.g. for actuating an 
injection valve of an internal combustion engine. The piezoelectric actuator element 2 
with the contact pins 4 is disposed in a cylindrical hollow body implemented as a 
tubular spring 12. 

[0033] The end faces of the piezoelectric actuator element 2 bear on a cover 

plate 6 or base plate 8 as applicable, the upper cover plate 6 having bushings 10 
through which the contact pins 4 extend. The cover plate 6 and the base plate 8 are 
each connected to the tubular spring 12 with a form and/or force fit, preferably by 
welding. Alternatively, the connection between the tubular spring 12 and the two 
plates 6,8 can be established using a flanging, the flanged upper and lower edge areas 
of the hollow body engaging in the cover plate 6 and base plate 8 respectively. The 
piezoelectric actuator element 2 is preloaded with a defined force of preferably 800 to 
1000 N by the two plates 6,8 which are fixed in position by the tubular spring 12. In 
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order to be able to maintain this preload, the hollow body accommodating the 
piezoelectric actuator element 2 is preferably made of spring steel, as spring steel is 
characterized by high strength. Alternatively, however, other materials can also be 
used, e.g. low elastic modulus materials such as copper-beryllium alloys. 

[0034] Figure 2 shows a side view of the tubular spring 12. The tubular spring 

12 is a cylindrical hollow body made from a metal tube. In a cylindrical surface 18 of 
the tubular spring 12 there are provided a plurality of cutouts 14 produced by laser 
cutting. The oblong cutouts are each essentially perpendicularly oriented to the center 
line 16 of the tubular spring 12. The cutouts 14 are disposed in rows, the cutouts 14 of 
adjacent rows each being disposed laterally offset to one another. The minimum 
distance between adjacent cutouts of two rows is 0.3 to 4 times the wall thickness of 
the hollow body of the tubular spring. 

[0035] More specifically, a seamless drawn steel tube, e.g. made of spring 

steel, can be used. 

[0036] Figure 3 shows a detail view of the cylindrical surface 18, provided 

with cutouts 14, of the tubular spring 12 according to Figure 2, the cutouts 14 being 
lobe-shaped so that they each have a narrowed-down central area. This shape has a 
favorable effect on material stressing and therefore allows low spring constants for the 
tubular spring 12 as a whole. 

[0037] The cutouts 14 can be optionally implemented in the form of regular 

oblong holes or narrow rectangles, as shown in Figure 4 by way of example. As 
outlines for the cutouts 14, virtually any shapes resulting in a low spring rate in the 
axial direction of the tubular spring are possible. Thus the cutouts can also be 
implemented e.g. as oblong cutouts with semicircular ends. 
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[0038] The tubular spring can be produced e.g. from a seamless drawn steel 

tube with a thickness of 1.0 mm or less. A steel tube with a thickness of more than 1.0 
mm is particularly suitable when a lower-strength steel is used. 

[0039] In order to increase the strength of the tubular spring after the laser 

cutting operation, heat treatment can be performed. As an alternative to the straight- 
line abutting edges of the tubular spring 12 shown in Figure 2, any other abutting edge 
shapes can be formed, e.g. in the form of a sine wave or zigzag line, a correspondingly 
shaped weld or a spot weld then being used to fix the tubular spring in position. 

[0040] Instead of welding the tubular spring 12 into position, it can also be 

fixed by the upper and lower plates 6,8, so that the abutting edges only bear on one 
another, thereby enabling an advantageous distribution of the compressive and spring 
forces to be produced in the hollow body. 

[0041] Because of its compact design, an implementation of the actuator unit 

having an outer hollow body preferably implemented as a tubular spring, and in which 
the piezoelectric actuator is preloaded by means of upper and lower covers connected 
to the hollow body with a form and/or force fit, allows ease of transportation and easy 
installation and removal, e.g. in an injection valve of an internal combustion engine. 
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